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INTRODUCTION
Tunnels, roads, bridges, dams, power plants, etc., are constructed in rock formation. Various rock parameters are important for the design of these structures such as compressive and tensile strengths of the embedded rocks (Hosseini et al., 2012) . Tensile strength is widely used in determining the properties of intact rock, choosing a proper rock failure criterion, and suggesting the initial designs of rock structure. This feature is determined using both direct (uniaxial tensile) and indirect (Brazilian) tests. These tests may not be accurately performed on all rocks and require careful sample preparation and the expensive and precision equipment. In addition, the results are highly dependent on the sample size, method of loading, human errors, external factors, etc.
(Arjomand Pour and Hosseini Tudeshaki, 2013) . To solve the above problems, determination of an index to show the tensile strength of rocks, simple tests such as dry density, saturated density, Schmidt hammer, the sound velocity and porosity are performed.
Studies conducted on the estimation of the tensile strength are very limited, and most studies have been conducted on the estimation of the uniaxial compressive strength. A number of these studies are given in the following paragraphs.
In a study conducted in 2012, Hosseini et al., estimated the marl engineering features using punch tests and obtained several relations (equations) which among them, the relation between tensile strength and point load index (with a correlation coefficient of 0.96) and the relation between uniaxial compressive strength and the tensile strength (with a correlation coefficient of 0.81), can be mentioned. Both relations are linear (Hosseini et al., 2012) .
Arjomand Pour and Hosseini Tudeshaki evaluated the relationship between tensile strength and dry density, saturated unit-weight and porosity in 2013. The results of simple regression showed better performance of the porosity index compared with other properties of rock in the estimation of tensile strength. Also, a more accurate estimate of the tensile strength can be obtained for each variable using multivariate regression analysis (Arjomand Pour and Hosseini Tudeshaki, 2013) . Gurocak et al. (2012) examined the relationship between tensile strength and point load index, Schmidt rebound number, and the specific gravity in 2012. Relations proposed to estimate the tensile strength using the simple and multivariate regression models were linear. The relation obtained by multivariate regression model has the highest correlation coefficient (0.83) compared with the relations obtained using simple regression model (Gurocak et al., 2012) .
While considering the principle indicating that the compressive force applied to the sample in a particular direction induce a tensile force perpendicular to it, Atapoor estimated the tensile strength based on the uniaxial compressive strength and presented some relations (equations) (Atapour, 2012 rocks. Based on their results, they proposed a linear correlation between UCS and BT. However, the coefficient of determination, R2, of their study was almost 0.5 which is not reliable enough (Kahraman et al., 2012) .
The purpose of research conducted by Kohno and Maeda is to investigate on relationship between point load strength index and uniaxial compressive strength of hydrothermally altered soft rocks (Kohno and Maeda, 2012 ).
Khandelwal estimated the tensile strength using the P-wave velocity (Khandelwal, 2013) Abbasi estimated the uniaxial compressive strength using Schmidt hammer and point load tests in 2011 and presented some relations (Abbasi, 2011) .
Heydari et al. presented relations for estimating the fragility of granitoid rocks district in Samen district in 2011using non-destructive ultrasound velocity and Schmidt hammer tests (Heidari et al., 2011) .
By conducting two non-destructive testing of ultrasound and Schmitt hammer on 50 cubic concrete samples with different grades of cement in 2012, Noferesti and Heydari (2012) presented relations to estimate the uniaxial compressive strength with an acceptable correlation coefficient (Noferesti and Heydari, 2012) .
In this study, it was tried to evaluate the relationship of wave velocity and Schmidt hardness rebound number with tensile strength.
CHARACTERISTICS OF TESTED SAMPLES
All of the used samples have been cored from 7 blocks including sandstone, tuff, marble, sandstone, red sandstone, limestone, and marl.
12 Cores were derived from these 7 blocks, the characteristics of them are found in Table 1 after cutting and polishing, for doing sound velocity and Schmidt hammer tests. number and disc number (in the disc samples).
After performing the sound velocity and Schmidt hammer tests, sample are cut in the form of disc for Brazilian testing. Their characteristics are shown in Table 2 .
CONDUCTED EXPERIMENTS
To obtain the parameters needed to estimate the tensile strength, three following experiments were performed, respectively:
A. Test of Sound Velocity
By this test, the time used for the passage of pressure wave through the sample and the pressure wave velocity can be calculated according to relation 1 (Fahimifar and Soroush, 2001 ). 
B. Schmidt Hammer Test
Ernest Schmidt, a Swiss engineer made a Rebound Hammer in 1948 to measure the concrete surface hardness (Luke and Snell, 2012) .
Based on the suggestion of ISRM, it is better to place hammer on one of the 3 directions of vertical upward, horizontal, and vertical downward on the sample. If it is not possible to perform the test in any of the above-mentioned directions, the test can be performed in a desired position; and then the results are corrected for horizontal or vertical position (Fahimifar and Soroush, 2001 ).
In Table 3 , correction of results in non-horizontal position is shown.
At least 20 separate tests are conducted on each rock sample, and the mean values are obtained after correcting the read numbers. The results of these tests are given in Table 4 .
C. Brazilian Test

ANALYSIS OF THE RESULTS
In this section, the relations between the numbers obtained from the sound velocity, Brazilian and Schmidt hammer tests were evaluated; and other relations are presented to estimate the tensile strength for the other two components, in a way that two separate relations, one between the tensile strength (TS) and the sound velocity (V P ) and the other between the tensile strength and Schmidt hammer rebound number (SHS) were obtained using the simple regression analysis. Then, with the help of multivariate regression analysis, the relation between these three components was obtained.
In these relations, V P and SCH were considered as independent variables; and TS was considered as the dependent variable. For the analysis of the results, charting and presentation of the relations (equations) software such as Excel, SPSS and Table curve 3D were used.
A. The Relation between TS and VP
All functions were evaluated using SPSS to examine the relation between these two parameters and the function with the highest correlation coefficient was selected. Table 5 
B. The Relation between TS and SCH
This section is like the previous section. Table 6 contains all the functions and their parameters and Figure 3 shows their diagrams.
Given the values of R Square and Sig in Table 6 , the exponential function with the highest correlation coefficient (0.884) and a Sig value of zero was selected (Of course, Growth and Logistic functions had the same conditions, as well; but with regard to the simple form of exponential function, two other functions could not be selected). Their diagram is shown in Figure   4 .The relation obtained from this function is given in Equation 4.
(4)
C. The Relation between VP, SCH and TS
The relation between these three variables was evaluated by multivariate linear regression using SPSS, and non-linear multivariate regression using was selected according to the correlation coefficients. Tables 7 and 8 
D. Validation of the Proposed Relations
Accuracy of relations is discussed now. This means that the values obtained from relations and
Brazilian test are evaluated in the diagram and the accuracy of relations is achieved by considering the slope of the line passing through these points. The more the slope of these curves is closer to 1, the more the relationship is acceptable.
Also, in order to control the performance of the proposed equations, the root mean square error (RMSE) and value account for (VAF) are determined using relations 7 and 8. y and y' are the measured and estimated tensile strengths, respectively (Minaeian and Ahangari, 2011) .
In the best situation, RMSE is equal to zero and VAF is equal to 100. After these steps, the best equation to estimate the tensile strength can be proposed. 
CONCLUSION
This study was conducted on samples of sandstone, tuff, marble, limestone, red sandstone and marl.
The main objective of this study was to obtain the relation between the sound velocity, Schmidt hammer rebound number and the tensile strength.
Schmidt hammer and sound velocity tests are among simple and inexpensive tests. Another advantage of these tests is that they are non-destructive and operable in the desert.
Two separate relations, one between the tensile strength (TS) and the sound velocity (VP) and the other between the tensile strength and the Schmidt hammer rebound number (SCH) were first obtained using simple regression analysis. Then, with the help of multivariate regression analysis, a relation between these three components was obtained. In these relations, VP and SCH TS were considered as independent variables and TS was considered as the dependent variable. For the analysis of results, charting and presentation of equations, Excel, SPSS and Table curve 3D were used.
The results indicate that:
A. To choose the best relations between the velocity of longitudinal waves and tensile strength, with respect to the values of R Square and Sig of functions, a three-order function (Cubic) with the highest correlation coefficient (0.467) and the lowest Sig (0.059) is selected.
B. An exponential function with the highest correlation coefficient (0.884) and zero Sig was selected to determine the relationship between Schmidt hammer rebound number and the tensile strength based on the values of R Square and Sig in Table 4 -3 (Of course, both Growth and Logistic functions had the same condition, but because of the simple form of the exponential function, two other functions could not be selected).
C. The relation between the three variables of Schmidt hammer rebound number, velocity of longitudinal waves and the tensile strength were examined through linear multivariate regression model using SPSS; and non-linear multivariate regression model using Table curve 3D.
The relation obtained by the linear multivariate regression had a R-Square equal to 0.803 and the non-linear multivariate had a R-Square equal to 0.853.
The root mean square error (RMSE) and VAF were determined to control the performance of provided equations. Values of these two indices were equal to 2.20 and 46.05, respectively when the simple regression was used to determine the relationship between the sound velocity and tensile strength; and they were equal to 0.09 and 81.49, respectively when the simple regression was used to determine the relationship between the Schmidt hardness rebound number and the tensile strength, while these two indices were calculated to be equal to 0.24 and 80.91 when multivariate regression model was used.
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